INTRODUCTION
The United States Department of Agriculture, Animal and Plant Health Inspection Service (USDA-APHIS) has been exploring methods for quantitative risk assessment to provide support in decision-making, provide risk management options and identify research needs. Many methods and definitions of risk assessment have been used (1) . Researchers working at APHIS in the field of plant pest risk are using a qualitative approach for risk assessment to examine the risks of plant pest introduction ("Generic pest risk assessment process" [draft] by R. Orr and S. Cohen). After several years of exploration, consultation and development, the quantitative risk assessment methodology presented by Miller et al. (2) has been found to be the most useful for evaluating the risks of animal disease introduction.
While decision-makers at APHIS have always considered the risk of negative outcomes when making decisions affecting the health of the national herds in the United States of America (USA), the focus in the past has been on reducing the risk as much as was technically feasible, rather than making scientific estimates of the risk ("measuring the risk") and, in turn, estimating the extent to which the risk would be reduced by specific actions or restrictions. The term "zero risk" has been applied to the former management scheme although, of course, there is no zero risk situation in the real world. This same restrictive rationale has been used by most of the developed countries and has generally been successful in preventing outbreaks of exotic diseases.
The world is rapidly moving towards a truly global economy. New trade agreements such as the North American Free Trade Agreement (NAFTA), the General Agreement on Trades and Tariffs (GATT) and the proposed economic unification of the European Community (EC) will require changes in the way in which decisions affecting trade are made by all countries wishing to take part in world trade. Non-tariff trade restrictions will no longer be acceptable unless supported by scientific evidence.
Quantitative risk assessment provides a method for measuring risk and providing decision-makers with the information obtained. This paper illustrates the quantitative risk assessment methods described by Miller et al. (2) by presenting a summary of a risk assessment conducted at the request of Plant Protection and Quarantine (PPQ), one of the operating units of APHIS.
METHODS
For the last few decades, cruise ships visiting Alaskan ports have been allowed to send garbage to landfills, in exception to the Federal regulations which require that all garbage from foreign arrival ships be incinerated or steam treated. This exception was permitted due to a lack of sufficient incineration facilities at the Alaskan ports. New incineration facilities are now available at several of these ports, which would make it feasible to enforce these regulations. However, this change in policy could have a negative economic impact on the cruise lines and landfill operators. Incineration is generally more expensive than landfill disposal, and some of the landfill operators rely heavily on the revenue from disposal of cruise ship garbage.
Before adopting a policy of strict enforcement of the regulations, PPQ requested an assessment of the risk of introducing foreign animal diseases into the USA by continuing to allow Alaskan cruise ship garbage to be sent to landfills. PPQ wanted a risk assessment of the status quo, including current inspection practices. APHIS decision-makers had always thought the risk was low. However, in view of the potential economic impact, they now realized that a scientific basis was required before a decision was made to codify the past practice or make changes in enforcement.
On initial evaluation of the situation, the risk assessment team tried to use quantitative risk assessment methods to examine the entire question of the risk of introduction of foreign animal diseases into Alaska. Due to factors which are discussed below, it was decided to use a combination of qualitative and quantitative methods for this assessment. Quantitative methods were used to estimate the amount of meat and dairy products of foreign origin entering Alaskan landfills. The risk of exposure to domestic and wild animals and the potential for spread among these populations was discussed qualitatively. This paper focuses on the quantitative portion of the risk assessment.
COMPONENTS OF A QUANTITATIVE RISK ASSESSMENT
The components of a quantitative risk assessment are listed in Table I . While there is a general hierarchy in this list, there is not an absolute order. Many of these components can and will be considered concurrently and revised as necessary. This is part of the flexibility in the quantitative risk assessment methodology which allows application to many different situations. A brief discussion of each of these components follows, to illustrate the quantitative risk assessment process. 
State the question
Although the overall question is "What is the risk of introducing foreign animal diseases to the USA by continuing to allow cruise ship garbage to be sent to Alaskan landfills?", the question used for the quantitative portion of the report was, "What quantity of foreign-origin meat and dairy products are currently entering Alaskan landfills?" Initial attempts to conduct a risk assessment of the first question confronted the risk assessment team with two problem areas: a) there was very little information on exposure potential and infective dose for non-domestic species b) the question had to be defined in such a way that the findings would apply only to the situation in Alaska. One of the main goals of the risk assessment team was to demonstrate the methodology to USDA in a way which would show the advantages of the quantitative risk assessment methodology while still remaining cognizant of the regulatory environment.
Identify the hazard
After a review of the literature, and interviews with APHIS experts, the risk assessment team concluded that foot and mouth disease (FMD) was the most significant hazard posed by the current practice. While all the major foreign animal diseases of concern to APHIS were considered, FMD was regarded as the most likely to be introduced, and was certainly thought to have the greatest potential impact on the national agricultural economy. The team reasoned that if the risk of FMD introduction was acceptable, the risk of other foreign animal diseases would also be acceptable. For the quantitative assessment, the foreign-origin garbage was considered as the "hazard", and estimates were made of the amounts involved.
Outline the pathway
A scenario tree ( Fig. 1 ) was developed to make quantitative estimates of the amount of foreign-origin garbage entering landfills. This model was developed after a review of the available data from PPQ inspectors, the cruise ship operator association and other state and local officials. The model was designed to best utilize the available information and data. The initiating event (Phi) is quantified as the number of cruise ships visiting the Alaskan ports each summer season. These ships sail in other areas of the world during the rest of the year.
The first branch point of the scenario tree separates the ships into categories based on the amount of foreign-origin meat and dairy products found during past PPQ inspections. Every cruise ship is inspected by PPQ at the beginning of the summer cruise season. Ships were classified into four different groups at Fraction 1:1) 0 lb, 2) 1-499 lb, 3) 500-4,999 lb, and 4) 5,000 lb or more (11b = 0.45 kg). These categories were selected after reviewing PPQ inspection records from the previous five years.
The first group, those with no foreign-origin materials, leads to an end-point of the tree which is without risk in this scenario. For each of the other three categories, there is a multiplicative node (Quantity 1) representing the amount of foreign-origin materials on the ship. Next on each branch is a branch point (Fraction 2) representing the probability that the inspectors will discover the foreign-origin materials. The probability of discovery increases with the amount of material on each ship.
The three continuing branches join at a pinch point which represents the total amount of foreign-origin materials on the cruise ships at the beginning of each season and not discovered by inspectors.
The next branch point (Fraction 3) considers what proportion of the foreign-origin material is actually cooked and served. The alternative branch is the amount of material which enters the garbage directly as kitchen waste.
The branch representing the served food leads to the next branch point (Fraction 4) which considers what proportion of the served food is actually consumed. Food which is not consumed goes into the garbage as table waste. This joins the kitchen waste at the next pinch point, which represents the total amount of foreign-origin materials entering the cruise ship garbage.
The final branch point (Fraction 5) is the portion of garbage which enters landfills. The majority of the cruise ship garbage is already being incinerated, since all garbage unloaded at the usual terminals (Vancouver [British Columbia] and Anchorage) is currently incinerated. The remaining branch is the amount of garbage which enters Alaskan landfills.
Label the tree and assign units to each node
The tree was labelled as indicated in Figure 1 . The only nodes with units were Phi (number of ships per year) and Quantity 1 (lb of prohibited material per ship). These units cancel out to give "lb/year". All the other nodes are fractions which do not carry any units. The units of the final output are therefore "lb/year".
Gather and document the evidence
The risk assessment team gathered evidence from many different sources: literature reviews, record reviews, interviews with various experts (APHIS, state and local government, industry representatives, etc.) and site visits to several ports. In the final report, the relevant evidence was listed for each node of the scenario tree.
Assign values to the branches
Considering the evidence, estimates were made of the values at each of the branch points. As there is always a degree of uncertainty in these values, probability density functions (PDFs) were used to represent the range of values and the amount of confidence in the values along the range (2). Triangular approximations were used for most PDFs because of the ease of calculation and because some of the estimates were subjective. The approximate defining values for these PDFs are listed in Table II. A point estimate of 20 ships per year was used for Phi.
Perform the calculations
Using the scenario tree, a mathematical model was created, in a spreadsheet format, showing all the branches which lead to the final end-point: the amount of foreign-origin meat and dairy products in cruise ship garbage which enters Alaskan landfills. A statistical computer programme (@Risk, Palisade Corporation, Newfield, New York, USA) was used, which enabled PDFs to be generated, instead of point estimates or confidence intervals. The final results are shown by the PDF in Figure 2 . This curve shows that the most likely value is around 1,000 lb/year with an upper tail extending to approximately 3,500 lb.
Probability density
Prohibited material (1,000 lb)
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Alaskan landfills annually in cruise ship garbage Figure 3 is a cumulative distribution of the results shown in Figure 2 . This curve indicates 99% probability that the total amount of foreign-origin material is less than 3,000 lb/year. 
Consider risk management options
In this situation, the risk assessment team was asked to conduct a risk assessment of the status quo, including current inspection practices. The inspection of the ships at the beginning of each season is a risk management (mitigation) option. The inspection process improves compliance with the regulations against using foreign-origin materials and also reveals those materials which may be present on the ship.
The team did not consider any additional risk management options, since the estimated amount of foreign-origin materials was found to be small. If the amount had been found to be large enough to cause any concern, then further risk management options would have been developed.
Prepare a report
As this risk assessment combined both quantitative and qualitative methods, the bulk of the overall assessment was contained in the discussion section of the report.
The results from the quantitative estimate were used in the general discussion of the overall risk of exposure and potential spread of disease among domestic animals and wildlife populations. No attempt was made to estimate the proportion of foreign-origin garbage which actually contained infective material, although this proportion is arguably small. Also, the figure for the amount of foreign-origin material considered is for the entire season (3-4 months) and the material is distributed among approximately six landfills. The foreign-origin garbage will be widely dispersed both physically and temporally.
The qualitative discussion centered on two other factors in addition to the results of the quantitative portion. First, the domestic livestock population in Alaska is extremely small, and most of these animals reside far from the landfills of concern. Second, the exposure potential to susceptible wildlife is also quite small. There are several species of wild ruminants present in the vicinity of the landfills, but these animals would have only a casual exposure to the garbage. Bears are the predominant scavengers in the landfills. FMD has been reported in bears kept in zoos in close proximity to FMD-infected ruminants, but experts feel that bears exposed to FMD through garbage would not become diseased. In either case, neither bears nor wild ruminants are thought to be able to maintain an FMD outbreak.
CONCLUSION
This example of a quantitative risk assessment shows the flexibility of the process. It was necessary to redefine the original question into a form which could be answered with the data and evidence available. The example also illustrates the way in which the risk assessment process helps to identify specific areas where research is required to provide additional knowledge, such as the infective potential of meat and dairy products given normal processing. The uncertainty inherent in any biological question is represented by PDFs. As new and better knowledge is gained, the PDFs can be adjusted and used in the mathematical model to arrive at better estimates. The quantitative risk assessment process is an open, documented process which yields results that are defensible and documented.
The methods described here will be used to support future regulations and policy in the areas of international trade of animals and animal products. The USA has already acceded to preliminary agreements for international trade decisions to be based on regionalization and risk assessment. There is concern among some members of APHIS that quantitative risk assessment will not support past policy. Quantitative risk assessment methods are not a totally new process, but rather an extension of standard statistical and epidemiological methods which allows us to make estimates of risk even when the knowledge is incomplete or uncertain. The openness demanded by international trade agreements will eventually bring acceptance of quantitative risk assessment methods as a basis for trade decisions by the USA, as well as by all countries which want to participate fully in international trade. 
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